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Table 1. Some physical and chemical characteristics of the studied soil.
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0.49 dS m! Electrical conductivity” Sl bl
7.52 pH

EC was measured in saturated extraction for the soil sample.
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Table 2. Some physical and chemical characteristics of hardwood biochar, rice husk biochar, and compost
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Table 3. Analysis of variance of quantitative and qualitative characteristics of the wheat of Rakhshan cultivar
influenced by organic fertilizers’ application
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Table 4. Mean comparison of quantitative and qualitative characteristics of the wheat of Rakhshan cultivar influenced by organic
fertilizers’ application
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Abstract

Agronomic biofortification is one of the approaches to alleviate zinc deficiency in wheat. In this approach by
changing the status of zinc, it could be available to plant. The application of organic fertilizers can stimulate
physicochemical properties of soil and nutrition cycling which enhances zinc bioavailability. This study was
conducted to evaluate the application of some organic compounds on grain zinc concentration and phytic
acid to zinc ratio in wheat grain, biological yield, and grain yield of Rakhshan cultivar. The study was set as
a completely randomized design with three replications during 2017-2018 in a greenhouse. The treatments
were: control, hard wood biochar, and rice husk biochar with three levels: 0.5, 1, 2.5% (w/w), compost at 2%
(w/w), and integrated treatments including compost + hard wood biochar, compost + rice husk biochar, with
1% (w/w) of each one. Results showed a significant effect (p < 0.05) of treatments on grain yield, phytic acid
to zinc ratio (p < 0.01), biological yield, and grain zinc concentration. The biological yield and protein
content of wheat grain were not significantly different between control and the studied treatments. The
phytic acid to zinc ratio of wheat grain was less than 25 for control, as well as for 1% and 2.5% of hard wood
biochar, compost, and integrated treatments. Therefore, depending on their availability, the applications of
2.5% hard wood biochar, 2.5% rice husk biochar, 2% compost, or hard wood biochar+compost are
recommended as organic fertilizers.

Keywords: Compost, Hard wood biochar, Phytic acid to zinc ratio, Rice husk biochar.

Background and Objective: Zinc (Zn) is one of the micronutrients essential for human health. Among
micronutrients, Zn deficiency seems to be the most critical one in crop production. The Zn content is lower than 1
mg kg in most soils of Iran, resulting in lower grain Zn in cereal-based diets especially bread as the staple food.
Among the major interventions currently used to reduce Zn deficiency in humans, food fortification and
supplementation are being widely applied in some countries. To improve the Zn concentration of grains, two
strategies are available: genetic biofortification and agronomic biofortification. The genetic biofortification
approach is long-term and costly. In contrast, agronomic biofortification is a fast approach. It has been reported
that the application of Zn fertilizers improves Zn concentration in cereal grains. Agronomic biofortification allows
the plant to use soil Zn by changing the status of Zn availability in the soil. The average organic carbon content in
the calcareous soils of Iran is less than 1 %. The application of organic fertilizers can improve soil nutritional
status by affecting soil physical and chemical properties. This study aimed to investigate the effect of some
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organic fertilizers’ application on Zn concentration and phytic acid (PA) to Zn ratio in wheat grain, biological
yield, and grain yield of Rakhshan cultivar. Rakhshan is a newly released bread wheat cultivar and there is no
available information about its response to application of organic fertilizers in respect to Zn bioavailability.

Methods: This study was conducted as a completely randomized design with three replications in a
greenhouse at Razi University during 2017-2018. The treatments were control, hard wood biochar, and rice
husk biochar with three levels: 0.5, 1, and 2.5 %w/w, compost at 2 %w/w, and integrated treatments
including compost + hard wood biochar, compost + rice husk biochar, with 1 %w/w of each one. Hard wood
biochar and rice husk biochar were produced by fast pyrolysis and slow pyrolysis, respectively. The effects
of treatments on biological yield, grain yield, grain Zn and phosphorus concentrations were studied.

Results: The results showed that the effect of treatments on grain yield, biological yield, and Zn
concentration in wheat grain was significant. The highest biological and grain yields were obtained for
compost treatment. The Zn concentration (p < 0.05) and Zn uptake (p < 0.01) in wheat grain showed
significant differences between the treatments. The Zn concentration in wheat grain ranged from 40.9 to 59.1
mg kg'. The highest Zn concentration in wheat grain was observed for compost + rice husk biochar
treatment. It is worthy to note that this level of Zn in wheat grain is at a sufficient level. The results of the
analysis of variance (ANOVA) showed that there were no significant differences in biological yield, Zn
concentration of wheat grain between 1% hard wood biochar and compost + rice husk biochar treatments.
Results also showed significant differences of phosphorus concentration (p < 0.01), phosphorus uptake (p <
0.01), and phosphorus to Zn ratio (p < 0.01) in wheat grain between the treatments. The effect of treatments
on PA of wheat grain was also significant. The lowest PA in wheat grain was observed in integrated
treatments. The PA to Zn ratio in wheat grain at 1% and 2.5% of hard wood biochar, compost, and integrated
treatments was less than 25. This critical level has been considered as Zn bioavailability in the wheat grain to
humans.

Conclusions: This study showed that, except for 1% hard wood biochar, there were no significant
differences in biological yield and grain yield of wheat between treatments and control. By application of
organic fertilizers, protein content of wheat grain increased although this increase was not significant (p >
0.05). The results also showed that with the application of the studied treatments, the concentration of Zn in
the wheat grain of the Rakhshan cultivar was increased to a sufficient level for human diet. Besides, with the
application of 1% and 2.5% of hard wood biochar, compost, and integrated treatments the PA to Zn ratio of
wheat grain can be reduced to less than 25. Therefore, for fertilizer recommendation, the application of 2.5%
of hard wood biochar, 2.5% rice husk biochar, 2% compost, or hard wood biochar + compost depending on
their availability is suggested.
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